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Abstract
Most of the arid and semiarid zones of the Indian subcontinent are seriously affected by the fluorosis problem due to high concentration 
of the fluoride in ground water. Due to leaching of fluoride from the fluoride bearing rocks, the groundwater gets contaminated 
with fluoride. The different techniques for fluoride removal namely, the Activated alumina, the Nalgonda technique, bone charcoal, 
contact precipitation, electro-dialysis, reverse osmosis, ion-exchange, clay column, bio-adsorbents and MgO are discussed in detail. 
Their advantages and disadvantages together with the applicability in actual use also been discussed in the paper.
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1 Introduction
High concentration of fluoride occurs naturally in ground 
water and causes fluorosis [1-3]. It is a serious health problem. 
The Bureau of Indian Standard (BIS) [4], this range is 0.6 
from 1.2 ppm. Fluoride concentration from 0.6 to 1.5 ppm in 
drinking water has been set by the World Health Organisation 
(WHO) [5]. This guideline value of fluoride is not universal 
and it varies from country to country. The Indian Standards 
Organization (ISO) suggests that the maximum permissible 
limit can be extended up to 1.5 ppm [6]. Occurrence of fluo-
ride bearing minerals and nature of the rocks determine the 
concentration of fluoride in ground water. Minerals like micas 
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amphiboles such as tremolite Ca
2
Mg
5
Si8O22(OH)2 [7-9] and 
hornblende Ca
2
(Mg,Fe,Al)
5
(Si,Al)8O22(OH)2 and villiau-
mite NaF, contain high levels of fluoride. Due to leaching 
of fluoride from the fluoride bearing rocks, the groundwa-
ter gets contaminated with fluoride. Generally high alka-
linity and low calcium favours high fluoride content in 
ground water [10]. In the tropical countries where water 
consumption is more because of the prevailing climate and 
there is fluoride bearing minerals underground, for exam-
ple, Ethiopia, Tanzania, South Africa, Jordon, Egypt, Libya, 
Algeria, Sudan, Malawi, Mexico, Kenya, Pakistan, Brazil, 
Afghanistan, Sri Lanka, Korea, Syria, Northern Thailand, 
Indonesia, and India many people are affected by fluo-
rosis [11]. In many parts of Japan, Iran, Germany, China, 
Norway, Turkey, Southern Algeria, Italy, Canada and the 
United State of America, fluoride is also found above per-
missible limits [12]. In India, nearly 200 districts in 17 states 
with more than 6 million people are seriously affected by flu-
orosis and another 62 million are exposed to it [13]. Fluorosis 
is a wide spread problem, and more and more areas being 
discovered which are affected by fluorosis in several parts of 
the world. Many regions in southern and north western India 
are highly affected by fluorosis. The most fluoride affected 
states in India [14-16] are Andhra Pradesh, Tamil Nadu. 
Madhya Pradesh, Bihar, Haryana, Punjab, Uttar Pradesh, 
Gujarat, Maharashtra, Orissa, West Bengal and Rajasthan. 
All districts of Rajasthan a north-western state of India are 
affected by fluorosis. This is due to large deposits of fluoride 
containing minerals like fluorapatite, fluorspar and mica in 
Rajasthan [17-20]. The main source of ingestion of fluoride 
in our body is through drinking water.
2 Fluoride Removal Methods
2.1 Bone Charcoal Method
Bone charcoal has the ability to improve the colour, taste 
and odour of water. Most importantly, it can remove fluo-
ride from water. The major components of bone charcoal 
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are calcium phosphate 57-80 %, calcium carbonate 6-10 %, 
activated carbon 7-10 %. The fluoride removal process 
is mainly by the replacement of the hydroxide groups of 
hydroxyapatite by fluoride [4,7].
Ca (PO ) (OH) +2F Ca (PO )6F +2OH10 4 6 2 10 4 2
− −→ .
High fluoride sorption capacity, local availability and 
cheapness of animal's bones are some of the advantages of 
using bone char. Also no chemicals are added during the 
defluoridation process. However, there is limited accept-
ability of animal's bones as filter materials for drinking 
water due to religious beliefs. High initial investments and 
experience needed to set up bone char production, main-
tenance and regular monitoring of the filter are some of 
the impediments for this technique to become popular. 
If the bone charcoal is saturated it needs to be regenerated 
or replaced. Defluoridation of water using bone charcoal 
has studied by Larsen et al. [21]. The dissolution pattern 
of bone charcoal used for  defluoridation and crystal-
line carbon content and have been studied. The defluori-
dation of water using bone char column at various inlet 
fluoride concentration and flow rate has been studied by 
Mwaniki et al. [22]. CaCl
2
 and NaHSO
4
 at pH 3.0 have 
been used Christoffersen et al. [23] to regenerate a bone 
charcoal column used for defluoridation. The defluori-
dation of drinking water using fluorapatite precipitation 
technique has been studied by Larsen and Pearce [24].
2.2 Contact Precipitation
Addition of calcium and phosphate compounds and 
then bringing the water in contact with saturated bone 
charcoal medium.
Dissolution of calcium chloride 
CaCl .2H O(s) Ca +2Cl +2H O2 2 2→
+ − .
Precipitation of calcium fluoride 
Ca +2F CaF(s)+ − → .
Precipitation of calcium fluorapatite 
10Ca +6PO +2F Ca(PO)6F(s)+ − − → .
In this process fluoride is removed from the water by the 
addition of phosphate and calcium compounds in contact 
with a saturated bone charcoal medium. As compared to 
bone charcoal method, fluoride uptake capacity and life of 
the filter using contact precipitation is significantly higher. 
However, the chemical processes of fluoride removal 
by contact precipitation are not yet fully understood, the 
calcium phosphate pellets cannot be regenerated and the 
process is time consuming. The contact precipitation as 
a viable water defluoridation technique has been studied 
by Okello [25]. Using column experiments, the defluori-
dation capacity of bone charcoal and plan Minjigu rock has 
been determined. The defluoridation technique using con-
tact precipitation has been described by Dahi [26]. In this 
process, the bone char is placed in contact with fluoride 
contaminated water mixed with CaCl
2
, Ca
3
(PO
4
)
2
. Jar test, 
column setup, filter contact column experiments and a pilot 
defluoridation plant has been set up in this study.
2.3 The Nalgonda Technique
This method used at both community and household levels 
was originally developed by the National Environmental 
Engineering Research Institute, Nagpur in India. Lime and 
aluminium sulphate are added in calculated quantities in 
the process. Lime aids in forming dense flocks for rapid 
settling of insoluble fluoride salts. The choice of either 
Al
2
(SO
4
)
3
 or AlCl
3
 depends on SO2- and Cl- conc. of raw 
water. As rule of thumb, the dose of lime is 1/20th of that 
of dose of aluminium salt. Coagulation / flocculation and 
sedimentation removes the fluoride. The addition of lime 
helps to form dense flocs which settle rapidly and help to 
remove the fluoride. Also, a pH of around 6-7 is achieved 
at which aluminium is completely removed. For disinfec-
tion bleaching powder is added to the raw water [4, 7]. 
The reactions involved in this process are:
6Ca(OH) +12H Ca +18H O2 26
+ +→
Al SO 18H O Al +3SO +18H O2 4 3 2
3 2
22( ) . →
+ −
2Al H O Al(OH) + H2 2 36 2 6
+ ++ →
F Al(OH) Al-F− + →2 3 complex + undefined product.
The Nalgonda technique is a work-intensive method due 
to the need of daily mixing of alum and lime. The fluoride 
elimination rate is however, low (70-80 %). Also there is 
a risk of contamination of the treated water by alumin-
ium in case of overdosing of aluminium sulphate. This is 
partly due to the very low permissible limit of alumin-
ium according to WHO (0.2 ppm). The fluoride removal 
processes by the Nalgonda technique are well understood. 
The chemicals used in the process are cheap and locally 
available, and the treatment is well accepted by locals. 
We review briefly a few papers using the Nalgonda tech-
nique for fluoride removal. Lime, bleaching powder and 
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alum have been used by Nawlakhe et al. [27] the defluori-
dation process. For the various concentrations of fluoride 
in ground water the dosages of the chemical have been 
optimized. Cost calculations have also been carried out 
for the process. Dahi et al. [28] has studied the Nalgonda 
technique of defluoridation in Tanzania. They report that 
the local households operated the filter themselves and are 
willing to modified by Suneetha et al. [29] by doubling the 
concentration of alum and lime. The decrease in fluoride 
levels in water treated by this method was more than the 
original Nalgonda technique. Projects of domestic defluo-
ridation were carried out in Rajasthan and Andhra Pradesh. 
The defluoridation studies conducted at IIT Kanpur from 
1991 to 2005 have been summarized by Iyenger [35]. 
Two different models of hand pump based defluorida-
tion units have been developed by the Public Health 
Engineering Department (PHED) Rajasthan in collabo-
ration with the DST Rajasthan. Domestic Defluoridation 
Unit (DDU) using indigenously manufactured AA with 
particle size ranging from 0.4 to 1.2 mm has been studied 
by Chauhan et al. [36]. By regenerating the AA, the reuse 
potential of exhausted AA was also studied. The fluorosis 
mitigation programme in Dungarpur district of Rajasthan 
using the Nalgonda technique and AA based filters have 
been discussed by Vaish and Vaish [37]. Due to the prob-
lem of daily disposal of sludge, this technique is not pref-
erable. Draft standards have been prepared for the use of 
AA suitable for use in the DDU's [38]. A fluoride filter 
based on AA called FLOWAT has been developed and 
field tested by Dzung et al. [39].
2.4 Activated Alumina (AA)
AA surface is amphoteric in nature and can exist as AlOH+, 
AlOH and AlO-. Fluoride binding to AA is proposed to be 
due to exchange of surface hydroxyl groups, which can be 
represented by the following reaction.
AlOH +F AlF+H O2 2→
AlOH+F AlF+OH− −→ .
Activated alumina is a good adsorbent due to its small 
size, and large surface area. The fluoride removal ability 
of AA depends on the grade of AA, particle size and the 
pH, alkalinity and fluoride concentration in water.
The AA technique requires minimum contact time 
with fluoride contaminated water for defluoridation. 
The exhausted AA can be easily regenerated. AA is avail-
able indigenously and quite cheap. Adsorption efficiency 
of the AA gets lowered with increasing number of regen-
eration cycles. The defluoridation capacity of AA is maxi-
mum at pH 5-7. AA is easy also to relatively handle.
The activated alumina is needed to be replaced very fre-
quently which make the technique expansive. Regeneration 
generates fluoride rich solution, causing disposal problem. 
Defluoridation filters with AA can be fabricated easily 
and the filter requires no electricity and no maintenance. 
The presence of HCO- ions, however reduces the fluo-
ride removal ability of AA47. A term paper on removal 
of fluoride from water using AA has been submitted by 
Stewart [30]. Karthikeyan et al. [31] have studied the flu-
oride removal from water using AA and its regeneration 
using dil. HCl, NaOH and H
2
SO
4
. The kinetics of fluoride 
removal using AA prepared from pseudo-boehmite has 
been studied by Leyva-Ramos et al. [32].
2.5 Activated Alumina Based Domestic 
Defluoridation Units
The development of DDU's for use in rural in India have been 
discussed by Venkobacher et al. [33]. Different grades of AA 
have been used in the DDU's and their fluoride removal abil-
ity determined. The experience of UNICEF in tackling the 
problem of fluorosis in rural areas using DDU's containing 
AA have been summarised by Daw [34]. The UNICEF had 
supported the development technology for the AA filters at 
IIT Kanpur since 1991. During the period 1996-2002, pilot.
2.6 Clay
Essentially clay is finely powdered rock composed of 
hydrous aluminium silicate and other minerals and impuri-
ties. Clay powder and fired clay are both capable of adsorp-
tion of fluoride from water. If clay is locally available then 
fluoride removal using clay is very low cost. However, the 
fluoride adsorption capacity of clay is low, and the fluoride 
removal is time consuming. We now review a few important 
papers using the clay for fluoride removal [4, 7]. Padmasiri 
in Sri Lanka has used brick pieces for making defluorida-
tion filters [40]. PVC pipe or cement bricks make the outer 
body of the filter. The efficiency at the start of the operation 
of fluoride filter was found to be 85 % and becomes 25 % at 
the end of the process. The brick pieces have to be replaced 
when saturation of the brick pieces was reached (between 90 
and 250 days). The use of soil as a defluoridating material for 
drinking water has been studied by Wang and Reardon [41]. 
They have found that heavily weathered tertiary soil from 
Xinzhou, China is an F-specific sorbent. A permeable 
granular material which is suitable for column use can 
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be generated by heat treatment of soil. Using iron oxyhy-
droxyoxide the soil can be regenerated. Kaolinite clay for 
defluoridation purpose has been used by Jinadasa et al. [42]. 
Fluoride adsorption and desorption reactions in the clay 
have been investigated. The fluoride adsorption conforms 
to both Langmuir and Freundlich isotherms, while the flu-
oride desorption conform only to the Freundlich isotherm. 
Gupta et al. [43] have studied the defluoridation of water 
using raw bentonite. Kinetic studies have been performed 
using bentonite of different mesh size.
The fluoride adsorption characteristics of clay collected 
from different regions of Ethiopia for fluoride removal 
have been studied by Tikariha and Sahu [44]. The effects of 
amount of adsorbent dose, pH, particle size, contact time, 
and heat treatment of clays have been studied. The deflu-
oridation ability of natural red soil have been studied by 
Chidambaram et al. [45]. Their findings indicate that the 
FeOH, AlOH bonds present in soil play the main role in 
contributing to the efficiency of fluoride removal.
Selected South African clays for fluoride removal 
from ground water have been used by Coetzee et al. [46]. 
Chemically activation of clays using 1 % NaHSO
4
 solu-
tion and dilute HCl enhance fluoride adsorption. Locally 
available material like laterite, sand and gravel for fluoride 
removal from water have been used Jayantha et al. [47]. 
Chemically modified bentonite clay has been used for the 
defluoridation of drinking water by Kamble et al. [48]. 
The bentonite clay was chemically modified by lantha-
num, magnesium and manganese. Acidic pH favoured 
more uptake of fluoride as compared to alkaline pH. 
The Langmuir and Freundlich isotherm models were used 
to fit the equilibrium adsorption data. The fluoride removal 
was affected by the presence of both CO2- and HCO-.
The adsorption mechanism of fluoride by clays has 
been studied Puka [49]. Their research indicates that 
principle mechanism for the fluoride removal was by the 
exchange of hydroxyl ions by fluoride ions in the clay 
structure. The adsorption capacity of clay was enhanced 
by coating the clay samples with aluminium and iron 
oxides. Aluminium oxalate has been used as an adsorbent 
by Yadav et al. [50] for preparing traditional soil pots to 
remove fluoride from drinking water.
2.7 Reverse Osmosis
In Reverse Osmosis (RO) water is forced under pressure 
through a semi-permeable membrane, thereby remov-
ing dissolved solutes from solution. This process can 
remove 85-95 % of fluoride from water. The RO is the best 
technique for removing both fluoride and arsenic, however 
it has high water wastage of 20-40 %, high energy con-
sumption and high capital costs. In most cases pre-filtra-
tion and post-pH / alkalinity adjustment the treatment may 
be needed. For cleaning of the RO membrane, chemical 
handling facilities and a skilled operator is needed [4, 7]. 
Schneiter and Middlebrooks [51] have used reverse osmo-
sis to remove fluoride and arsenic from groundwater 
while arsenic was reduced by 60-90 %, fluoride conc. was 
reduced by 60 %. Richards et al. have used a two stage 
membrane process with ultrafiltration followed by nano-
filtration / reverse osmosis to remove fluoride and arse-
nic from groundwater in central Australia [52]. Dolar et 
al. have studied the use of reverse osmosis in removing 
fluoride and phosphate from efficiently from fertilizer 
industries [53]. Schoeman et al. have used reverse osmo-
sis to treat effluent from stainless steel factory. Fluoride 
among other ions would be effectively removed [54].
RO has been used by Min et al. for fluoride removal [55]. 
In the recent years increased demands and contamination of 
water and simultaneous stringency in water quality param-
eters standards and the problem associated with other meth-
ods have led to the development of membrane technology for 
water purification. Efficiency of the RO process is governed 
by different factors such as characteristic of raw water, 
temperature, pressure and requires regular monitoring and 
maintenance etc. The reject water from the RO process has 
been treated using CaCO
3
 by Babu et al. [56].
2.8 Electro Dialysis (ED)
In Electro-Dialysis (ED) an applied D. C. current, instead 
of pressure is used to separate ionic contaminants from 
water. Thus ED membranes are not technically consid-
ered as filters as water does not physically pass through 
the membrane in the ED process. Also particulate matter 
is not removed. The ED process can remove 85-95 % flu-
oride from water [4, 7].
The ED method relies heavily on our present technical 
familiarity with the membrane based separation systems. 
However, it is very costly, there is significant water loss 
in form of brine discharge, high energy consumption and 
high capital costs. There may be a requirement of pre-fil-
tration and post-pH / alkalinity adjustment. For the mem-
brane maintenance, chemical handling facilities and skilled 
operators are required. On the basis of industrial and eco-
nomic data, Lahnid et al. have conducted an economic eval-
uation of fluoride removal by electro-dialysis [57]. The per-
formance of electro-dialysis and nano-filtration in fluoride 
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removal from Moroccan ground water has been compared 
by Elazhar et al. [58]. The fluoride reduction and perfor-
mance of two technologies have been found to be compa-
rable. Electro-dialysis in continuous operation mode for flu-
oride removal from Moroccan ground water has been used 
Tahaikt et al. [59]. Under various experimental conditions 
and optimization study of the electro dialysis operation was 
carried out. To determine the optimum operating conditions 
the water quality parameters as well as power consumption 
and recovery rate were closely monitored.
The fluoride removal from polluted water using elec-
tro-dialysis has been studied Ali et al. [60]. The fluoride 
removal rate, demineralization rate and power consump-
tion have been optimised.
Kabay et al. have studied the effect of process parameters 
and other ionic species on fluoride removal by electro-dial-
ysis [61]. The separation performance has been evaluated in 
terms of mass transfer and energy consumption. The deflu-
oridation using the electro-dialysis technique has been stud-
ied Amor et al. [62]. Their results show that with increase 
in operating voltage and temperature, defluoridation and 
desalination rates increases. Amor et al. have used elec-
tro-dialysis for fluoride removal from brackish water with a 
TDS of 3000 ppm and fluoride concentration [63] of 3 ppm. 
The defluoridation of water during the desalination of brack-
ish water by electro-dialysis has been studied Adhikary et 
al. [64]. Zeni et al. have studied the fluoride reduction using 
electro dialysis from artesian well water [65].
The optimum operational conditions of the electro-dial-
ysis cell have been determined for treating brackish water 
of 5000 ppm TDS and 15 ppm F- and obtaining water with 
less than 600 ppm. Menkouchi Sahli et al. have studied 
the fluoride removal using electro-dialysis and natural 
chitosan [66]. CMX-ACS membranes have been used for 
electro dialysis. The results show that coupling of these 
two processes is an interesting alternative to remove flu-
oride from brackish water with high fluoride content. 
Banasiak and Schäfer have studied the removal of boron, 
fluoride and nitrate by electro-dialysis in the presence of 
organic matter [67]. Deposition of organic matter on the 
separation membranes occurred during the process.
2.9 Bio-adsorbents
Bio-adsorbents prepared from dry fruits collected from 
plants Enterolobium saman (ESC), Acasia arabic (AAC), 
Prosopis juliflora (PLC) have been used by Maheshwari et 
al. for defluoridation purposes. The fluoride removal abil-
ity has been compared with granular activated carbon [68]. 
The equilibrium contact time for fluoride removal and the 
optimum dose of adsorbent has been determined. Tea ash 
as a bio-sorbent for fluoride removal has been used by 
Mondal et al. [69]. The defluoridation capacity decreases 
with initial concentration of fluoride solution but increases 
with increasing adsorbent dose and contact time. Na
2
CO
3
 
modified bagas and chitosan have been used by Ardekani et 
al. for fluoride removal [70]. At an adsorbent dose of 2 g / lit, 
the fluoride adsorption is maximum at pH 7 and reaches 
equilibrium in 60 min time. Rare earth modified chitosan 
for defluoridation purposes have been used by Liang et al. 
[71]. The effect of various parameters such as initial fluoride 
concentration contact time, effect of co-ions and adsorbent 
dose have been studied. The adsorption of fluoride by this 
material was greatly influenced by the presence of HCO- 
and CO2- ions. The rice husk and seed extract of Moringa 
oleifera (drum stick), modified by MnCl
2
 and MnSO
4
 have 
been studied by Vardhan and Karthikeyan [72]. The adsorp-
tion of fluoride with respect to variation of initial fluoride 
concentration, adsorbent dose, heat treatment presence of 
interfering ions and pH were investigated. A bio-adsorbent 
made from Phyllantus albicato remove fluoride from water 
have been used by Veeraputhiran and Alagumuthu [73]. 
Higher adsorption of fluoride is achieved with smaller par-
ticle size and increasing dose of adsorbent increases the 
fluoride adsorption capacity. The interference of co-ions 
on fluoride removal was found to be in the following order 
HCO- > SO2- > Cl- > NO3-.
2.10 Ion Exchange
In the ion exchange process, water is allowed to flow down 
through a column packed with an ion exchange resin. 
When the resin becomes saturated, the filter material has 
to be regenerated with a mild acid / alkali solution.
Matrix-NR +Cl +F Matrix-NR +F +Cl3 3
− − − −→ .
To avoid recontamination of nearby ground water the 
effluent from backwashing rich in accumulated fluoride, 
must be therefore disposed of properly [4, 7]. The ion 
exchange method is simple to operate, does not require any 
electricity and also makes hard water soft. However, it is 
initial capital cost is high. The defluoridation of drinking 
water using Al doped Amino-methylene-phosphine-acid 
resigns called Lewatit Mono Plus TP 260 has been studied 
by Oke et al. [74]. Ho et al. have studied fluoride removal 
by ion exchange using mesoporous Titanium hydroxide 
containing zirconia [75]. Pilot plant studies using this tech-
nique indicate the suitability of this process under weakly 
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acidic conditions (pH = 4). The selective removal of flu-
oride by ion exchanger HP-555 followed by another ion 
exchanger column (IR-458) has been studied by Castel 
et al. [76]. The fluoride removal from a carbonated water 
containing Cl- and SO2- as major ions can be successfully 
achieved using this patented process. A cost effective and 
dual functional muslin-based anion exchangers that can 
function both as a defluoridating agent and antimicrobial 
antifungal agent have been designed by Kumar et al. [77]. 
The experimental data fitted into Langmuir adsorption iso-
therm and follows a pseudo second order kinetics. Ruixia et 
al. have studied the fluoride removal using a new type of 
ion exchange fibre [78]. Fluoride, phosphate and arsenate 
ions can remove by this method. The adsorption data fitted 
well with the Freundlich isotherm model and a pseudo sec-
ond order kinetics is followed. Singh et al. have studied the 
removal of fluoride from spent pot liner leachates using an 
ion exchange [79]. The spent pot liner leachates were pre-
treated with lime to bring down the fluoride level to 10 ppm 
for economic and effective working of the ion exchanger.
2.11 MgO, CaO, CaCl2 and NaHSO4 Technique 
(IISc Method)
Principle of the Method
MgO+H O Mg(OH)2 2→ .
F- in Water gets trapped into the Mg(OH)
2
 precipitate as 
settles down. Water becomes alkaline between pH 10.1 to 
10.3 on addition of MgO.
NaHSO
4
 is used to reduce the pH of MgO treated Water 
to Within Potable Water limits (6.5 to 8.5)
HSO +OH SO +H O− − −→ 2 2
HCO +OH CO +H O− − −→ 2 2
additional NaHSO
4
 is consumed
CO +HSO HCO + O2 2− − − −→ S .
Ca(OH)
2
 is added to convert soluble bicarbonates to 
insoluble CaCO
3
 as
HCO +Ca +OH CaCO +H O− + − →2 3 2 .
CaCl
2
 is added to increase conc. of Ca2+ in water.
A new method of defluoridation using MgO, CaO, 
CaCl
2
, and NaHSO
4
 has been developed by Rao and 
Pemmaraju [80]. The defluoridation filter consistent of 
two chambers, in the top chamber calculated doses of 
MgO, CaO and an aqueous solution of CaCl
2
 are added 
to fluoride contaminated ground water and stirred well 
either using a mechanical or a handheld stirrer. The solu-
tion is left undisturbed for 16 hours for the flocs to settle 
down. The clear supernatant water is transfer to the bot-
tom container using a flexible tube fitted at the bottom of 
the top container [81]. The pH adjustment is done using 
NaHSO
4
 in the bottom container. Using a tap, the potable 
water can be drawn off from the bottom container [82]. In 
a further development of this method, Pemmaraju and Rao 
have used a two stage filter unit with an electric stirrer 
and layers of cotton cloth to filter out any sludge particles 
before the pH adjustment step [83, 84]. For waters con-
taining different bicarbonate concentrations and fluoride 
levels the various doses of MgO, CaO, CaCl
2
 and NaHSO
4
 
for pH adjustment are also given [85]. For environmentally 
safe disposal of the fluoride containing sludge and its con-
version into building materials [86], the sludge has been 
incorporated into stabilized mud blocks.
2.12 MgO, CaO, CaCl2 and HCL techniques 
Implemented
The village of Pilaniyon Ki Dhani a sub-village of Shola 
in Lakshmangarh Tehsil of Sikar District of Rajasthan is a 
small hamlet of six homes with a population of 120 people. 
It is a remote village with harsh climate conditions, low 
rainfall and rain fed agriculture as the main occupation.
It is connected to the main village of Shola, one km 
away by a gravel road. The nearest village is Jajod, 
located eight km away. There is two tube wells (called 
Manish T.W. and Sungaram T.W.), in this village which 
supply water to all homes. Most of the people in the vil-
lage of Pilaniyon Ki Dhani show typical symptoms of flu-
orosis, e.g. pain in legs, back pain, early signs of aging 
etc. Our initial studies had indicated that the water of the 
Manish T.W. had high levels of fluoride ˃ 10 ppm together 
with high HCO- conc. ≈ 1561 ppm.
This village of Pilaniyon Ki Dhani [87] was chosen as 
a part of a Water Technology Initiative, Dept. of Science 
and Technology, Govt. of India, project to conduct field 
trials of a filter using MgO, CaO, CaCl
2
 and HCl recently 
developed at IISc Bangalore. The choice of this village 
was due to its fluorosis problem, its relative proximity to 
the Institute, (26 km), and the initial interest shown by the 
local villagers towards the defluoridation filter.
3 Fluoride Health Effects
The degree of dental fluorosis depends on the amount of 
fluoride exposure up to the age of 8-10, as fluoride stains 
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only the developing teeth while they are being formed 
in the jawbones and are still under the gums. The effect 
of dental fluorosis may not be apparent if the teeth are 
already fully grown prior to the fluoride over exposure. 
Therefore, the fact that an adult shows no signs of dental 
fluorosis does not necessarily mean that his or her fluoride 
intake is within the safety limit [88].
Skeletal fluorosis was also found in children with 
low prevalence (5.2 %) [89] but at high F concentration 
(4.8 ppm). The prevalence of skeletal fluorosis was relatively 
higher in males and increased with higher F level and age. 
Deformities such as crippling, kyphosis, invalidism and 
genu-varum were observed frequently in higher age group 
subjects (gt; 48 years) at F concentration of 3.3 ppm. None 
of fluorotic individuals revealed evidence of genu-valgum 
syndrome and goitre (thyroidism). Radiological findings 
of other deformities in fluorotic subjects were also found. 
The distribution of F and endemic fluorosis in different dis-
tricts of Rajasthan state have also been reviewed [90].
The adult residents of these villages use drinking water 
high in fluoride content which may be the primary cause of 
dental fluorosis. During examination of the teeth of adult 
residents of these areas, it was observed that 61.06 % of 
the residents of the high fluoride and 48.32 % areas were 
suffering from dental fluorosis. Risk of dental fluorosis 
was significantly higher in the areas showing more fluo-
ride content in drinking water. Defluoridation of drinking 
water is the only remedy to save the local population from 
dental fluorosis [91].
Depending upon amount of the fluoride in drinking 
water, fluoride may be beneficial or harmful for human 
health. For the development of the enamel of teeth a cer-
tain amount of fluoride is essential. The size of the apatite 
crystals in the skeletal system is increased due to fluoride. 
Fluoride incorporation into the skeletal system and den-
tal enamel is dependent on age [92, 93]. When the fluo-
ride concentration in drinking water is more than 2 ppm, 
dental fluorosis begins. Tooth enamel is mainly made 
up of hydroxyapatite which is crystalline calcium phos-
phate. F- displaces the OH- from hydroxyapatite to form 
fluoroapatite [94]. Fluorosis of dental enamel occurs when 
excess fluoride is ingested during  the early years of tooth 
calcification particularly during the first 7 years of life. 
The formations of yellow glistening patches on the teeth 
are the symptoms of early stage of dental fluorosis. In the 
final stages, the yellow-brown patches may turn black and 
affect the whole tooth. Matrimonial issues [95] are one 
serious social aspect of dental fluorosis.
Drinking water containing more than 3-6 ppm of fluo-
ride for long periods causes skeletal fluorosis. Young and 
old alike are affected by skeletal fluorosis. If the mother 
consumes water and food, with a high concentration of 
fluoride during pregnancy / breast feeding, fluoride can 
also damage the foetus. Calcification of blood vessels 
can cause infant mortality. Severe pain in the backbone, 
joints, hip region, stiffness of the backbone, immobile / 
stiff joints, increased density of bones, besides calcifi-
cation of ligaments, constriction of vertebral canal and 
inter-vertebral foramen-pressure on nerves and paral-
ysis [96, 97] are some symptoms of skeletal fluorosis. 
Nervousness, stiffness, tingling sensation in fingers and 
toes, muscle weakness, excessive thirst, tendency to uri-
nate frequently, pain in the muscle and loss of muscle 
power are some of the non-skeletal manifestations of flu-
orosis. Ingestion of fluoride over prolonged periods can 
also lead to change in the DNA structure [98, 99]. Painful, 
round shaped pinkish, reddish or bluish spots on the skin 
are some of the allergic manifestations. Acute abdominal 
pain, blood in stools, feeling of nausea bloated feeling, 
diarrhoea; constipation and tenderness in stomach are 
some of the gastrointestinal symptoms of fluorosis.
It is essential to bring reduce fluoride concentration in 
ground water for developmental purpose.
4 Conclusion
A brief review has been attempted to cover a verity of 
adsorbent which has been fluoride removal from fluoride 
contaminated water. The fluoride removal methods have 
been broadly separate into two types with membrane and 
adsorption techniques. Reverse osmosis, Electro dialysis, 
ion exchange has been discussed under membrane tech-
niques. Adsorption methods such as, Activated alumina 
and Nalgonda technique, Bone charcoal, Bio-Adsorbents, 
MgO, CaO, CaCl
2
, and HCl (IISC Method). Due to leach-
ing of fluoride bearing rocks have been found fluoride con-
tent in ground water varying from 0.1 to 12.0 ppm. In sim-
ilar way fluoride bearing water was reported by many 
parts of world and India such as Rajasthan, A.P, Punjab, 
Haryana, Tamilnadu, Karnataka, Madhya Pradesh, and 
Gujarat. Fluoride is known for both beneficial and harm-
ful effect on health. Fluoride in drinking water has an 
intense effect on bone and teeth. In low level between 
1-1.5 mg/l it improves the enamel. Fluoride concentra-
tion in the range of 1.5-4 mg/l results in dental fluorosis, 
whereas at high concentrations 4-10 mg/l causes skeletal 
fluorosis (Table 1). Fluorosis Disease caused by intake of 
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fluoride in excess through food, water and air is serious 
health problem. Fluoride ingested with water accumulated 
in bones up to age above 60 years. Depending upon the 
amount of fluoride ingested illness varying degree of skel-
etal, dental and non-skeletal fluorosis. A number of meth-
ods of defluoridation techniques available for removal of 
fluoride, although not all the methods are suitable for all 
circumstance and hence proper justification required for 
appropriate method to implement. Certain method like 
MgO, CaO, CaCl
2
, and HCl (IISC Method) have been very 
effective fluoride removal also cost effect and simple to 
adopt this technology at village level.
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Table 2 Fluoride concentration and its effects.
Fluoride (mg/L) Concentration Effects
< 0.5 Conducive to dental caries.
0.5 - 1.5 Promotes development of strong bones and teeth.
1.5 - 4.0 Promotes dental fluorosis in children.
> 4 Promotes dental and skeletal fluorosis.
> 10 Crippling skeletal fluorosis, possibly cancer.
Table 1 Comparison between the fluoride removal methods
Name of the 
methods
Process Removal Performance Cost Advantages Disadvantages
Bone charcoal 
Method
Adsorption
Fluoride concentration 
can be reduced to less 
than or equal to 1 mg/l
Low
Locally available, simple and 
easy to build
May give bad taste; degenerates, 
Not universally accepted
Contact 
precipitation
Precipitation > 90 % removal of F Low
High reliability without the 
need of surveillance of flow 
efficiency
The filter using contact 
precipitation is significantly 
higher
The Nalgonda 
Technique
Aluminium 
sulphate based 
coagulation-
flocculation 
sedimentation
The method does not 
permit Low sufficient 
removal of the fluoride, 
even when appropriate 
dosage is used.
Low
Understanding of the 
nonstoichiometric 
co-precipitation mechanisms 
for removal of fluoride in the 
flocculation process.
The treatment efficiency is limited 
to about 70 %. Thus the process 
would be less satisfactory in 
case of medium to high fluoride 
contamination in the raw water.
Activated Alumina 
(AA)
Adsorption
According to WHO the 
fluoride removal capacity 
of alumina is between 4 
and 15 mg g-1. Experience 
from the field
High Effectiveness, will treat 
current F and S
Spent regeneration solution 
contains high F concentration
Activated alumina 
based domestic 
defluoridation units
Adsorption
The efficiency at the start 
of the operation of fluoride 
filter was found to be 85 % 
and becomes 25 % at the 
end of the process
Low Locally available
Low capacity, slow, low removal 
efficiency
Reverse Osmosis
Membrane 
Technology
85-95 % removal of F 
Scale
Very 
high
Familiarity with membrane 
separation system
High water loss (20-40 %) 
due to high source water silica 
concentrations (for RO).
Electro-Dialysis 
(ED)
Membrane 
Process
performance: 85-95 % 
removal of F Scale
Very 
high Familiarity with membrane High energy consumption
Bio-Adsorbents Adsorption Depends on the size Low
Smaller particle size and 
increasing dose of adsorbent 
increases the fluoride 
adsorption capacity
The interference of co-ions on 
fluoride removal was found to be 
in the following order
HCO3- > SO
4
2- > Cl- > NO
3
-.
Ion exchange Ion exchange
Medium-high; Depends 
on quality of water
High
The fluoride removal from a 
carbonated water containing 
Cl- and SO
4
2- as major ions 
can be successfully achieved
High costs, low capacity, 
sorption of other anions, Fluoride 
concentration must be less than 
10 mg/l.
MgO, CaO, CaCl
2
 
and HCl Technique 
(IISc Method)
Adsorption High Low Environmental safe disposal -
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